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Abstract: Besides a general consensus regarding the negative impact of invasive alien species in 
the literature, only recently has the decline of native species attributable to biological invasions 
begun to be quantifi ed in many parts of the world. The cause-effect relationship between the 
establishment and proliferation of alien species and the extinction of native species is, however, 
seldom demonstrated. We conducted a meta-analysis of studies in Mediterranean-type ecosystems 
(MTEs) to examine: (1) whether invasion of alien plant species indeed causes a reduction in the 
number of native plant species at different spatial and temporal scales; (2) which growth forms, 
habitat types and areas are most affected by invasions; and (3) which taxa are most responsible for 
native species richness declines. Our results confi rm a signifi cant decline in native species richness 
attributable to alien invasions. Studies conducted at small scales or sampled over long periods 
reveal stronger impacts of alien invasion than those at large spatial scales and over short periods. 
Alien species from regions with similar climates have much stronger impacts, with the native 
species richness in South Africa and Australia declining signifi cantly more post-invasion than for 
European sites. Australian Acacia species in South Africa accounted for the most signifi cant 
declines in native species richness. Among the different growth forms of alien plants, annual herbs, 
trees and creepers had the greatest impact, whereas graminoids generally caused insignifi cant 
changes to the native community. Native species richness of shrublands, old fi elds and dune 
vegetation showed signifi cant declines, in contrast to insignifi cant declines for forest habitats.
Key words: biodiversity, biological invasions, exotic species, growth form, habitat type, spatial 
and temporal scale.
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I Introduction
Invasive alien species are considered a threat 
to biodiversity and ecosystem stability, and 
are widely held to be responsible for the de-
cline of native species richness and the local 
extinction of certain species (Richardson 
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et al., 1989; Wilcove et al., 1998; Davis, 2003). 
However, it is often diffi cult to demonstrate 
the cause-effect relationship between the 
establishment and proliferation of alien plant 
species and the extinction of native spe-
cies (Brown and Sax, 2004; Davis, 2009). 
Recently, the broadly accepted connection 
between invasive species and native diversity 
declines has been debated (Houlahan and 
Findlay, 2004; Hejda and Pyšek, 2006; 
Richardson et al., 2007). Perceptions on the 
negative impacts of invasions on native plant 
communities are, to a certain degree, affec-
ted by the spatial scales of studies. This has 
been widely recognized in the discussion 
about the ‘invasion paradox’ which describes 
the co-occurrence of independent lines of 
support for both a negative and a positive 
relationship between native biodiversity and 
the invasions of invasive alien species de-
pending on the spatial scale of investigation 
(Fridley et al., 2007). Another factor which 
must be considered when evaluating im-
pacts of alien invasions on native species 
richness is the different timescales involved 
in invasions and extinctions (Sax et al., 2002; 
Richardson et al., 2007). Although some 
species may be doomed to extinction due to 
disruptions caused by invasions (eg, Traveset 
and Richardson, 2006), extinction can be 
delayed (Tilman et al., 1994). With plant 
species especially, the process of extinction 
takes much longer (decades or longer) than 
naturalizations or invasion (rates easily 
measured in years). It is likely that many plant 
species will eventually be driven to extinction 
as a direct consequence of current processes. 
Therefore, we would expect a stronger signal 
of negative impact of invasions from studies 
that capture effects over longer periods. It 
is also important to consider that although 
invasions of alien species may not result in ex-
tinctions of entire species (over the typically 
short timescale captured in a fi eld study) this 
does not mean that they are not reducing 
biodiversity. They may still be causing de-
clines in the abundance of native species or 
the elimination of some populations which 
may reduce genetic diversity (Davis, 2009). 
Nevertheless, the above generalizations have 
emerged from isolated case studies and it is 
diffi cult to synthesize results from different 
spatial and temporal scales. Besides these 
scale-effects on the observed impact of alien 
invasions, features of the invading species 
and the invaded habitat must also be taken 
into account when considering the impact of 
alien invasions on native species richness.
We investigated how different spatial 
and temporal scales and factors (such as 
taxa, growth forms, habitat types and coun-
tries) affect the impact of invasions on 
native species richness. We chose to study 
the impact of invasions on native species 
richness in Mediterranean-type ecosystems 
(MTEs) which have similar climates and 
other environmental drivers. Several studies 
have addressed the importance of comparing 
alien plant invasions in similar climatic regions 
(Kruger et al., 1989; Sax, 2002; Pauchard 
et al., 2004), as comparing ecosystems with 
widely diverging climates, disturbance regimes 
and other factors may reduce our ability to 
isolate the effects of particular stressors. 
Mediterranean-climate zones are considered 
to be especially appropriate for global-scale 
‘natural experiments’ as they differ less in key 
aspects than other biome types that occur 
at multiple localities around the world, eg, 
savannas (Pauchard et al., 2004). Invasions 
in MTEs have been well studied for decades 
(Groves and Di Castri, 1991; Richardson et al., 
1992; Rejmánek and Randall, 1994) and the 
problem of alien plant invasions is widely rec-
ognized as a major threat to biodiversity in all 
MTEs today (Rejmánek and Randall, 1994; 
Rouget et al., 2003; Seabloom et al., 2006; 
Underwood et al., 2009).
We conducted a meta-analysis to quantify 
the impact of alien invasion on native plant 
species richness. This approach allowed us 
to examine: (1) whether invasion of alien 
plant species indeed causes a reduction in the 
number of native plant species at different 
localities and at different spatial and temporal 
scales; (2) which growth forms, habitat types 
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and areas are most affected by invasions; 
and (3) which taxa are most responsible for 
native species richness declines.
II Methods
1 Mediterranean-type ecosystems
Mediterranean-type ecosystems (MTEs) are 
found between latitudes 32° and 40° north 
and south of the equator on the west coast of 
continents in fi ve regions of the world, namely 
South Africa, Australia, California, Chile and 
the Mediterranean Basin (Aschmann, 1973). 
The defi ning factors for the Mediterranean-
type climate are summer drought and winter 
rainfall (Köppen, 1923). Annual rainfall ranges 
from below 90 mm to 1500 mm; annual 
mean temperature ranges from about 11°C 
to 17°C; mean seasonal temperatures are 
8°C in the coldest month and up to 25°C in 
the hottest month (Aschmann, 1973). The 
vegetation of MTEs is characterized by 
chaparral-like shrublands, coastal scrub, 
woodland and forest (Dallman, 1998). MTEs 
have remarkable plant diversity. Covering 
less than 5% of the Earth’s surface, they con-
tain nearly 20% of the planet’s known plant 
species (Cowling et al., 1996).
2 Data
We confined our search to MTEs in five 
regions covering South Africa, Australia, 
Europe, California and Chile. The fi rst cri-
terion for our literature search was that the 
focus of the study should be an invasive plant 
species alien to the area under investigation 
(sensu Richardson et al., 2000; sensu Pyšek 
et al., 2004). Second, we only included studies 
that directly compared invaded ecosystems 
dominated by invasive alien species with 
corresponding, relatively intact, ecosystems 
in terms of native species richness. Third, we 
also required that species richness was quan-
tifi ed (or where this could be computed from 
presented data) as mean number of native 
species with standard error (SE) and sample 
size. In some cases, where such data were 
not provided, we obtained the data from 
the authors.
We searched for papers using combin-
ations of the terms ‘exotic’, ‘invasive’, ‘inva-
sion’, ‘alien species’, ‘species richness’ and 
‘biodiversity’ on ‘Web of Science’, ‘JSTOR’ 
and ‘Google Scholar’. Additional literature 
was obtained through conventional searches 
of the bibliographies of papers and reports. 
We did not limit the review to papers in a set 
of journals published during a certain period. 
This method allowed us to include a wider 
range of literature than if we had limited the 
survey to only certain journals or a certain 
timeframe.
3 Analysis
We summarized data from all the studies 
that fulfi lled our criteria in a table including 
information about study area and habitat, 
origin and growth form of the invading species, 
and temporal and spatial scale, defi ned by 
extent of study area and unit size (grain) 
(Table 1). Eleven studies (three from South 
Africa, four from Europe, three from 
California and one from Australia) including 
24 species (Figure 1) met our criteria. Some 
studies investigated species at different sites 
and in different seasons this left us with 47 
cases for the meta-analysis. Chile was not 
included in the meta-analysis at all as none of 
the studies met our criteria.
For the meta-analysis, we recorded the 
number of native species (mean and SE) in 
invaded and natural reference sites for each 
study. The meta-analysis is a technique 
of quantitative research synthesis (Smith 
and Glass, 1977) and has been widely 
used in ecology (eg, Ashton et al., 2005). 
In this study, we used the comprehensive 
meta-analysis software (CMA version 2.0; 
Borenstein et al., 2005) to conduct a two-
group comparison (native versus invaded) 
with additional moderators as defined by, 
for example, taxa, temporal scale, spatial 
scale, growth form, habitat, origin or invaded 
country. Cohen’s (1988) mean difference 
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Figure 1 The impacts of invasive alien plants on native plant diversity have been 
investigated in many Mediterranean-type ecosystems around the world. Examples are: 
(a) Acacia saligna in South Africa; (b) Acacia longifolia in Portugal; (c) Cortaderia jubata 
in California, USA; (d) Asparagus asparagoides in Western Australia; (e) Arundo donax 
in California, USA; (f) Pelargonium capitatum in Western Australia (photo credits: (a) 
M. Gaertner; (b–f) D.M. Richardson)
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effect size, g (Lipsey and Wilson, 2001; 
Borenstein et al., 2005), and a mixed 
(random) effects model was used. A two-
tail Z-test was used to examine the null 
hypothesis (ie, the effect size equals zero) 
and a Q-test was used for the heterogeneity 
analysis. Meta-analysis can largely alleviate 
the bias of favouring significant results in 
literature by weighing each case according 
to its sampling variance and size, and, as a 
result, can present a more robust synthesis 
than traditional literature review.
III Results
The meta-analysis revealed an overall sig-
nificant decline of species richness after 
invasion. In five of the 47 cases invasion 
had a positive effect on native species 
richness (species richness increased after 
invasion). In the remaining 42, invaded sites 
had lower native species richness. Eighteen 
cases (38.3%) had a negative effect size, 
indicating a significant decline of species 
richness after invasion, while 29 cases 
(61.7%) had effect sizes not signifi cantly dif-
ferent from zero (ie, 95% CI includes 0), 
indicating no significant decline of species 
richness after invasion (Figure 2; Table 2). 
According to Cohen’s (1988) standard, 48.9% 
of the cases had large effect sizes (>0.8), 
36.2% had medium effect sizes (0.2~0.8), 
and 14.9% had small effect sizes.
Effect size of invasion on native species 
richness declined signifi cantly with increasing 
unit size. Cases with unit size <1 m2, 1–10 m2 
and 10–100 m2 had effect sizes signifi cantly 
different from zero (Z= –4.78; p < 0.001; 
Z= –5.97; p < 0.001; Z= –3.33; p < 0.001, 
respectively). Cases with unit sizes >100 m2 
had effect sizes not significantly different 
from zero (Z = –0.45; p = 0.65) (Figure 3a). 
The same pattern was evident for increasing 
extent of study area. Effect size was highest 
for case studies where the extent of the study 
area was less than 0.01 km2, and decreased 
with increasing extent of study area, except 
for studies with areal extent of 100–10 000 
km2. Cases with study area extent <0.01 km2, 
1–100 km2 and 100–10 000 km2 had effect sizes 
signifi cantly different from zero (Z = –4.61; 
p < 0.001; Z= –2.46; p = 0.014; Z = –5; 
p < 0.001, respectively), whereas cases with 
extent of study area 0.01–1 km2 and >10 000 
km2 had effect sizes not signifi cantly different 
from zero (Z = –1.43; p = 0.153; Z = –0.81; 
p = 0.419, respectively) (Figure 3b). The time 
of investigation (temporal scale) also had a 
significant influence on effect size. Long-
term investigations showed a significant 
higher effect size, with plant invasions having 
a stronger impact on native species richness 
than short-term investigations (Q = 13.51; 
p < 0.001).
Shrublands, old fi elds and dune vegetation 
showed significantly different effect sizes 
between groups (Q = 24.31; p < 0.001) with 
shrublands and old fields having largest 
declines in species richness attributable to 
alien invasion. Invaded sites in forest habitats, 
in contrast, showed no signifi cant declines in 
species richness (Z = –1.33; p = 0.18). 
Among the different growth forms of alien 
plants reviewed, annual herbs, trees and 
creepers had the greatest impact on species 
richness decline (Z = –3.33; p < 0.001; 
Z = –3.78; p < 0.001; Z = –3.97; p < 0.001, 
respectively), whereas graminoids generally 
caused insignificant damage to the native 
communities (Z = –0.45; p = 0.65) (Figure 4a). 
An investigation of the different taxa in-
cluded in the meta-analysis showed the 
highest effect size of invasion on species 
richness for two Australian Acacia species 
(A. melanoxylon and A. saligna) (Figure 4b; 
Table 2). Among the different countries 
investigated in the meta-analysis, South 
Africa had the highest declines of native 
plant species richness due to alien invasion 
followed by Australia (Figure 5a). Species 
with origin in Australia and Europe caused the 
largest declines in plant species richness 
(Figure 5b).
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Figure 2 Meta-analysis of species 
richness of sites invaded by alien species 
and their natural reference community 
in four different Mediterranean-type 
ecosystems. Mean difference effect size, 
g, and a mixed (random) effects model 
(indicated in grey) were used. Case 
studies 1–47 are arranged from top to 
bottom (see Table 1)
IV Discussion
The impact of biological invasions on native 
ecosystems is the subject of ongoing debate 
in the literature. Many authors associate inva-
sions with biodiversity declines (Pyšek and 
Pyšek, 1995; Higgins et al., 1999; Seabloom 
et al., 2003; French et al., 2008; Hejda et al., 
2009). However, some authors argue that 
the number of naturalized species far ex-
ceeds the number of extinctions and that, 
on balance, introductions over the past few 
centuries has increased regional biodiversity 
levels (Rosenzweig, 2001; Davis, 2003; 
Brown and Sax, 2004; Gurevitch and Padilla, 
2004; Houlahan and Findlay, 2004).
The studies reviewed in this paper show 
that plant invasions are often associated with 
a signifi cant decline of native plant species 
richness. This decline varies according to dif-
ferent spatial and temporal scales. The im-
pact of invasive alien species on native species 
richness is stronger at small spatial scales and 
decreases with increasing extent of study 
area and unit size, respectively. The reason 
for this is that studies at small scales are 
more likely to detect effects of competition 
(Huston, 1999) whereas studies conducted 
over larger areas are more likely to detect 
the effects of extrinsic factors (mean site-
wide biotic or abiotic factors that covary 
with biodiversity) (Levine and D’Antonio, 
1999). Some theories predict that at larger 
scales increased heterogeneity in resource 
availability and site conditions may favour 
the coexistence of native and invasive alien 
species, provided that they have different 
functional traits, competitive ability and re-
source optima (Davies et al., 2005; Smith and 
Shurin, 2006; Melbourne et al., 2007). Taking 
this theory further, one could argue that high 
heterogeneity at large spatial scales promotes 
diversity of both native and alien species. 
However, patterns of species diversity at 
larger scales (ie, regional or subglobal scales) 
do not necessarily reflect the impact on 
local biotic interactions (Smith and Shurin, 
2006). Our meta-analysis clearly shows 
that invasions can reduce species richness at 
small scales.
Another important factor is temporal 
scale. Investigations in areas with a long inva-
sion history revealed a much stronger impact 
of invasive alien species on native species 
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Figure 3 Effect size (95% Cl) of invasion on species richness for different (a) unit 
sizes (m2) and (b) extents (km2) in Mediterranean-type ecosystems. Q-test shows 
signifi cant different effect sizes (heterogeneity) between groups (a: Q = 15.18, p < 0.01; 
b: Q = 12.13, p = 0.02)
Figure 4 Comparison of the effect size (95% Cl) on species richness from species 
with different (a) growth forms and (b) taxonomical groups in Mediterranean-type 
ecosystems. Q-test shows no signifi cant different among growth forms (Q = 10.53; 
p = 0.062), but signifi cant difference of effect sizes (heterogeneity) between species 
(Q = 65.97; p < 0.001)
richness than studies in recently invaded 
areas. This fi nding is supported by a long-term 
study from permanent plots which demon-
strates a decline of plant species richness 
over a 10-year timeframe of Lonicera japonica 
invasion (Yurkonis and Meiners, 2004). 
Richardson et al. (2007) argued that a timelag 
between invasions and extinctions could 
be the reason for the temporary increase of 
species richness after invasions. Timelags in 
extinctions could create, and have already 
created, a large extinction debt which could 
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be paid in future even with no further intro-
duction of alien plant species (Tilman et al., 
1994; Sax and Gaines, 2008). Processes of 
extinction debt have also been recorded for 
extinctions related to habitat destruction or 
fragmentation (Helm et al., 2006). Another 
interesting aspect is that invasive alien species 
might not have a direct impact on extinction 
rates through competitive displacement of 
established plant species but rather infl uence 
colonization rates, thus leading to declines of 
local diversity (Yurkonis and Meiners, 2004).
Levine et al. (2003), in their review of 
mechanisms underlying the impact of alien 
plant invasions, posit that it is very diffi cult 
to uncover simple rules concerning which 
invaders or functional groups are most likely 
to exert large impacts across systems, or 
which communities will be most susceptible 
to impacts. Hejda et al. (2009) found that 
a decrease in species richness after alien 
invasion was largely driven by the identity 
of the invading species. We could detect 
patterns relating to the most successful 
growth forms among invaders and relating 
to the types of native habitats most affected 
by invaders. Shrublands were significantly 
affected by alien invasion. Trees are the 
growth form with the highest impact on 
native species richness, whereas graminoids 
caused insignifi cant reductions. These results 
are consistent with findings from Mason 
et al. (2009), who found a strong negative 
effect of woody invaders but little effect 
of graminoids on shrub species richness. 
Shrublands in MTEs generally lack tree spe-
cies and therefore a decline of species richness 
might be caused by canopy-level changes 
due to tree invasions. Tree invasion results in 
higher canopy cover (Rejmánek, 1989), 
which might lead to species declines through 
shading effects. Investigations in the South 
African fynbos and Australian kwongan sug-
gest that even high densities of indigenous 
overstorey shrubs (Proteaceae species) lead 
to a decrease in species richness of native 
plant species (Specht and Specht, 1989; 
Cowling and Gxaba, 1990; Vlok and Yeaton, 
2000). The comparatively low impact of 
graminoids on native species richness in our 
meta-analysis was unexpected. Invasive 
alien grasses are seen as a serious challenge, 
Figure 5 Comparison of the effect size (95% Cl) of invasion on species richness in (a) 
different invaded countries and (b) the effect size of invasion from species with different 
countries of origin in Mediterranean-type ecosystems. Q-test shows significant 
different effect sizes (heterogeneity) between groups (a: Q = 23.7, p < 0.001; b: 
Q = 42.4, p < 0.001)
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especially in North America (Seabloom et al., 
2003; Callaway and Ridenour, 2004; Moyes 
et al., 2005; Seastedt and Suding, 2007) but 
also in other parts of the world (Clarke et al., 
2005; Musil et al., 2005). The decline of 
plant species richness is obviously only one 
measure of the impact of invasions on invaded 
ecosystems. The indirect effect of invasive 
grasses on fl oristic composition by changing 
fi re regimes is widely recognized as a signifi -
cant ecological factor (Brooks et al., 2004; 
Clarke et al., 2005; Rossiter-Rachor et al., 2008).
Old fields showed significant declines 
in species richness after invasion. Anthro-
pogenically disturbed habitats have been 
described as habitats with highest frequency 
and number of alien species (Vilà et al., 
2007). Invasions in old fi elds often hamper 
successional dynamics and old fi elds remain 
in a degraded state once invaded as alien spe-
cies establish persistent communities that 
prevent the establishment of native species 
(Cramer et al., 2008).
Forest habitats were less affected by alien 
invasions than other habitat types. In general, 
undisturbed and successionally advanced 
communities are less invasible than other 
habitats (Rejmánek, 1989). This finding is 
supported by studies in Poland (Knight et al., 
2008) and Australia (Mason et al., 2009). 
Introduced Australian Acacia species caused 
the most severe decline of native species 
richness, with South Africa being the most 
affected country. Invasions of Australian 
Acacia species in fynbos are of particular con-
cern. Australian Acacia species have a huge 
invasive potential and strong persistence 
due to enormous loads of long-lived seeds 
(Richardson and Kluge, 2008). They there-
fore have radically increased biomass and 
changed fuel properties in fynbos eco-
systems (van Wilgen and Richardson, 1985). 
Apart from this, Acacia species have massive 
infl uences due to nitrogen fi xation (Yelenik 
et al., 2004). These factors in combination 
have wreaked havoc on fynbos communities.
One could conclude that species intro-
duced from regions with similar climates 
within MTEs have much stronger impacts, 
with the native species richness in South 
Africa declining most severely due to inva-
sion by Australian Acacia species. However, 
this conclusion might be premature as this 
cohesion could simply be caused by the fact 
that Australian Acacia species were not 
distributed equally to all the investigated 
countries.
When investigating declines of native 
species richness due to alien invasions one 
has to consider that in many instances 
invasive alien species have been found to be 
symptomatic of land-use change (Maskell 
et al., 2006). In other words, many invaded 
systems are heavily impacted by habitat 
loss and disturbance (MacDougall and 
Turkington, 2005). This led to the reasoning 
that invasive species might be ‘passengers’ of 
degraded ecosystems rather than acting as 
drivers of degradation. One theory of invader 
success is that alien species fi ll unoccupied 
niches after extinction of native species 
due to degradation (Shea and Chesson, 
2002). Because there might be pre-existing 
differences prior to invasion, it is diffi cult to 
attribute extinctions exclusively to the infl u-
ence of alien plants.
Indeed most threatened species face more 
than one threat. It is diffi cult to disentangle 
the proximate and ultimate causes of decline 
or interactions between threats and to 
evaluate their relative importance (Gurevitch 
and Padilla, 2004). For example, habitat loss 
has been identifi ed as the primary cause of 
extinctions at local and meta community 
levels in most areas of the world (Davis, 2003). 
Furthermore, an assessment of threats on 
biodiversity in the Mediterranean biome 
showed that both threatened mammals and 
plants had a negative correlative relationship 
with the amount of available natural area, 
with more species threatened when less area 
remained (Underwood et al., 2009). The 
question of which factor is most responsible 
for species declines and which of the factors 
are drivers or passengers is secondary as ulti-
mately global biodiversity is changing at an 
334 Progress in Physical Geography 33(3)
unprecedented rate (Sala et al., 2000) and it 
is crucial to minimize any impacts.
To understand impacts of alien inva-
sions on native ecosystems it is important 
to investigate underlying mechanisms. 
Studies on impacts of invasive species on 
ecosystem processes concentrate mainly on 
one mechanism at a time. There are studies 
which investigate changes of above-ground 
vegetation due to alien plant invasion 
(Holmes, 1990; D’Antonio and Mahall, 1991; 
Blanchard and Holmes, 2008). Other studies 
concentrate on changes in the soil seed 
bank (Wearne and Morgan, 2006; Fourie, 
2008; Vosse et al., 2008), or changes of soil 
chemical properties (Witkowski, 1991; Musil, 
1993; Yelenik et al., 2004; Lindsay and 
French, 2005). A range of papers look at com-
petitive interactions between native and 
invasive plant species (D’Antonio and Mahall, 
1991; Sans et al., 2004; Garcia-Serrano et al., 
2007; French et al., 2008), while others focus 
on allelopathic mechanisms (Ridenour and 
Callaway, 2001; Bais et al., 2003) or a change 
in soil microorganisms (Allsopp and Holmes, 
2001). Assumptions about correlations 
between changes of vegetation structure 
and composition and the above-mentioned 
factors have been made (Holmes, 1990; 
Musil, 1993). However, our understanding 
about the interactions between the different 
mechanisms remains rudimentary. Further 
research should concentrate on mechan-
isms underlying alien plant invasions to get 
a better understanding about which factors 
are ultimately responsible for a decrease of 
native species richness.
The meta-analysis approach, although 
most useful for uncovering the patterns de-
scribed above, clearly has some limitations 
that must be considered when evaluating the 
patterns that have emerged in this study. One 
problem relates to a potential publication bias 
in favour of studies that show strong negative 
impacts on biodiversity: we suggest that 
studies demonstrating significant impacts 
are more likely to be published overall than 
those reporting insignificant impacts. We 
feel that we have reduced the effect of this 
potential bias to some extent by including 
studies from a wide range of journals (ranging 
from top-tier publications to those with 
low impact factors), rather than limiting the 
review to papers in a specifi c set of journals 
(high-impact journals are more likely to re-
port dramatic effects, whereas studies with 
non-significant effects are more likely to 
be published in journals with lower impact 
factors). Furthermore, meta-analysis, to a 
large degree, eliminates bias caused by sig-
nifi cant studies with low sample sizes and high 
sample variance. Nonetheless, some invasive 
plant species have little or no de-tectable 
impact (examples of such ‘benign invaders’ 
are listed in Richardson et al. (2000: 101), 
which contribute much weight to the meta-
analysis, especially when species richness 
shows little variation over a large number 
of samples. Given that, we feel that meta-
analysis can improve the robustness of syn-
theses and should be used in further studies 
on the mechanisms causing biodiversity 
decline and biotic homogenization.
Another limitation which has to be con-
sidered is the fact that the studies which 
were included in the meta-analysis all use 
space for time substitution. The comparison 
of invaded and uninvaded sites introduces 
some uncertainty regarding the character of 
the invaded site prior to invasion.
V Conclusions
We have confirmed that in most cases 
where the effects of plant invasions on 
native plant diversity have been assessed in 
Mediterranean-type ecosystems, there are 
clear negative impacts. It has often been ac-
knowledged that the type and magnitude of 
impacts depend on the spatial and temporal 
scale (Sax et al., 2002; Davies et al., 2005). 
However, our study highlights the import-
ance of the growth form of the invading 
species, the invaded habitat, as well as the 
area of investigation. Our study confi rmed 
that invasions indeed cause a marked decline 
of native plant species richness. Since most 
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of the invasions that were included in our 
meta-analysis are fairly recent (mostly a 
few decades) and the results show that the 
magnitude of impacts increases markedly 
over time, there is no doubt that declines in 
species richness is likely to escalate rapidly. 
These results provide further motivation 
for urgent action to reduce the extent of 
alien plant invasions in Mediterranean-type 
ecosystems.
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